Kuta beach in Bali is a world-famous tourist destination has been suffering from marine litters (or debris) disaster almost every year. Mitigation efforts have been carried out by the local government started from educating the people as well as continuing mass cleaning campaigns for the stranded litters in the beach. The research has an objective to understand the physical processes of marine debris characteristics in Kuta such as its propagation and distribution along the coastline and in the water columns during the two different seasons (West Monsoon and Transitional seasons). A hydrodynamic model was developed to investigate the transport of marine litters from their sources by considering the tide-driven surface currents and wind. Field surveys were also conducted to assess marine litter's characteristics in the surface and in the sea beds for both plastic and wood types of litters. Hydrodynamic simulation shows that the surface current ranging from 0.05 -1.75 m/s is capable of transporting marine surface debris from Bali Straits and other sources in the South of Bali to Kuta during West Monsoon season. The collected litters during the West Monsoon season were four times larger in quantity. The concentration of litters in the seabed and in the water column is larger near to the coastline than further offshore. In the meantime, during Transitional season, Kuta was completely free from marine litters. Results from surveys also showed that the most effective measures for marine litters in Kuta is selfawareness of the people to keep the environment clean.
INTRODUCTION
Global concerns towards the abundance of litters in marine environment have increased in the last decades causing not only environmental problems but also economic loss (Wang et al., 2016) . Its worldwide distribution and the massive volumes of marine litters were reported may reach 150 million tonnes and the numbers will keep increasing because it was estimated that 4.6-12.7 million tonnes of litters were dumped into the ocean every year (Jambeck et al., 2015) . Over the years, the type of litters has been dominated by plastics and other non-degradable materials originated from all kind of human activities such as littering in the tourism area, shipping and fishing industries, dumping in the oceans, untreated rivers/floodwaters, etc (Werner et al., 2016) . These conditions harm the live in the oceans as reported in the USA that more than 115 marine species were found affected by the plastic litters (NOAA-MDP, 2014) , while it is estimated that every year marine animals may have been debilitated, mutilated and killed by plastics worldwide (Butterworth et al., 2016) . Recent publications showed that microplastics may also have affected the health of marine lives (e.g. fish, shells, birds) and the consumption of them definitely will harm humans as well (GESAMP, 2016) .
Large population in coastal area and its geographic locations between the Indian and the Pacific oceans has made the Indonesian waters reported as one of the polluted waters by marine litters (OSPAR, 2009) . Strong wind and current circulations play significant role on the transportation and distribution of marine litters in Indonesian waters (Lebreton et al., 2012) . The transportation and accumulation of marine litters in Indonesian waters can be easily observed in many coastal area of large cities such as the North of Java and East of Sumatera. Bali, a small island with large population recently has caught both national and international attention due to huge amount accumulation of marine litters that were frequently accumulated in the touristic area of the island (Time, 2011) .
Pantai Kuta (Kuta Beach of Bali) is one of world tourist destinations for the beach, cultures and water sports in Bali. However, during Northwest Monsoon Season (or simply west monsoon season), Kuta Beach has turned to be a "dumping area" of marine litters and lasted for months. In the past, the typical marine litters were dominated by woods or other organic-type litters which can be re-used by the villagers of Kuta (Yunanto et al., 2014) . In recent times, the deposited marine litters were dominated by plastic-based materials disturbing the tourism industry and damaging the ecosystem. Efforts have been carried by the authority to clean up the beach during the litter's season by establishing a Fast-Reaction Cleaning Service Unit (FRCSU) consisting of professional cleaning teams, tourism-industry players and the locals (villagers). The locals claim that the marine litters stranded in Kuta are originally from East Java based on the physical appearance of the litters found in the beach. However, since the Island of Bali has been experiencing major development in the last decades and large rivers are also found in the Western part of Bali, the litters may Characteristics of Marine .... Coast of Bali (Husrin, S., et al.) 130 also from the island itself. Efforts have been made to understand the transportation of marine litters by means of numerical simulation (Yosafat, 2012) . However, the model only explained the propagation of marine litters in the surface during West Monsoon season. So far, there is no any information on the distribution of marine litters in the water columns, seabed and its distribution in cross-shore direction. Thus, scientific research is needed in order to explain the origin, the propagation and the deposition of the litters during the two seasons along the coastline and in cross-shore directions. Therefore, the current paper has an objective to explain the characteristics and dynamics of marine litters originated from Western area of Bali Island (Bali Strait) until reaching the Kuta Beach. Based on the analyses, recommendations for the alternative of marine litter mitigation in the future are proposed.
METHODOLOGY
Field research was done in Kuta beach in the Bali Island (Fig. 1) . General research methodology is depicted in the flowchart as shown in Fig. 2 . First, literature searching was conducted to find information about marine litter abundance, propagation, occurrences, monitoring techniques, numerical simulations, and the impact of marine litters to the environment particularly for the cases in Kuta beach of Bali including the collection of any useful secondary data. The collected information from the literature studies were summarized and discussed with the experts and the locals in order to specify the objective of the research and the methodology. Based on the consultation and discussions and by considering the resources available, the objective and the research methodology were specified. Field surveys were done in March, April, December 2015 and February 2016 in order to cover both west and east monsoon seasons. In advance, numerical simulations for the hydrodynamic and particle propagations were carried out in the area using Mike 21, Hydrodynamics and Particle Tracking Modules. The bathymetry from the Indonesian Navy (Dishidros AL), the tides from Pengambengan Tide Station, and wind data from the Denpasar Airport were used for the model inputs.
Based on the literature studies and the preliminary numerical model, data of the beach, seabed (benthic) and floating litters and water quality in Kuta waters were collected. Beach litters were collected, classified and measured based on the guidance of OSPAR (2010) Sea bed litters were collected by professional divers at 6 (six) different locations offshore Kuta beach by taking a transect line of 100 m long for each. A rope was used to guide the divers while collecting the litters in seabed. Both ends of the rope were tighten on the anchor connected to the boats. The locations for the collection of seabed litters based on the information from the local fishermen who used to fish in the area. They mentioned that during west monsoon season, their fishing nets often trapped more plastics and other litters than fish. During this period or at the end of west monsoon season, it was necessary to check whether the litters remained in the seabed or carried by the changing currents.
The impact of marine litters to the quality of waters by measuring the water quality parameters (pH, temperatures, DO, salinity, turbidity, conductivity, and depth) was also investigated. Beside, an interviewsurvey including about 100 people was done to look at the social aspects of human behaviours towards littering in the area. is capable of transporting marine surface litters from Bali Straits and other sources in the South of Bali to Kuta during West-Season. According to the data from the office of waste and park management (or Dinas Kebersihan dan Pertamanan), Kuta area resulted 8 -10 tonnes of litters per day during the west monsoon season. Based on this information, it is assumed that the sources of litters (Fig. 5a ) release 1 kg of litter per second or 95,000 kg during the 15-day simulation or around 6,300 kg of litters will be deposited in Kuta. The simulation was conducted for both plastics and wood materials. In this paper, only plastics simulation was displayed. For more detailed information on the simulation of marine litters using numerical model Mike 21 for different scenario and conditions can be found in Attamimi (2015) . Fig. 6 shows the simulation of marine litters from the sources towards Kuta. The influence of wind and the geometry of the area can be seen from the propagation of marine litter on day 10 where large amount of floating plastics diverted to the coastal area of Bali and finally deposited in Kuta beach.
Beach litter survey
Beach litters in Kuta during west monsoon season were extensively surveyed and identified by Yosafat (2012) . In the current research, the survey of beach litters was only dedicated for qualitative indications. It means that the observation is used to convince the previous results as described by Yosafat (2012) . Based on our observation on March 12th 2015, the litters deposited in the beach of Kuta was immense as can be seen in Fig. 7 . We had difficulties to take sample of litters because the amount of litters needed machineries to handle and the Fast-Reaction Cleaning Service Unit (FRCSU) had been cleaning -up the beach since the very early morning. This problem was also identified by Ryan et al., (2009) in which monitoring litter stranded on the beach is critical for discussion due to so many aspect should be considered for obtaining more reliable data. We returned on April 12th 2015 or at the Transitional Season, we still could observe litters transported and deposited to the beach. A survey was then conducted by collecting litters on the beach (100 m long at three locations, Fig 3a) after the mass cleaning activities or around 9 AM in the morning and we found 26.6 % of plastics and 73.4 % are wood/organic materials. Details on the survey and identification of beach litters can be found in Attamimi et al., (2015) .
Seabed litter survey
Seabed litters (also known as benthic litters) were collected on April 12 th -15 th , 2015 (transitional season) and on Feb 9 th , 2016 (West Monsoon Season). There are 6 transects (each 100 m long) perpendicular to "Double Six", "Pullman Hotel" and "Grand Inna Beach Hotel" (Fig. 3a) . Only plastics materials were collected from the seabed. The collected litters from the seabed were not as much as reported by the fishermen. The collected litters from the seabed are shown in Table 1 . The collected litters during West Monsoon Season are more than four times in quantity and in weight (Table  1a and 1b).
Floating litter survey
During the west monsoon season 2015/16 or on December 28 th -31 st , 2015, floating marine litters were collected using three boat offshore of Kuta with 500 m distance interval. During 1 hour of measurement the collected litters are shown in Table 2 and Fig. 8 . It shows that marine litters are more present near the coastline (station 1 or 500 m from the beach) compared to the locations farther (Stations 2 and 3).
Water Quality
Water quality parameters were measured during Woods/organic materials dominated the litters on the beach. More detailed discussion on this topic can be found in Putra & Husrin (2016) . The relation of the water quality and the characteristics of marine litters in Kuta and the surrounding area are discussed in the analyses section of this paper.
Observation of the river mouths
So far, there is no any information on the conditions of river mouths along the coastline of Bali.
The claim from many parties (particularly in Kuta) that the stranded litters in Kuta are from Java are questionable because there are no valid evidence up to now. Javanese waste products found in Kuta beach may have already used in Bali because most manufacturing products used in Bali are "imported" from Java. Table 4 shows the characteristics of the river mouth based on our observation in December 2015. It is likely that the rivers in Bali might contribute to the transported litters along the coastline of Bali during west monsoon seasons.
Social aspect survey
The data from this survey are valuable for the The results of collecting floating litters Table 2 . Table 2 ). Out of a hundred respondents, about 58% are Balinese or people who reside in Bali and 85% are not tourists. There are about 98% of the respondents have seen the huge amount of litters in the beach. Most of respondent (57%) still believed that the litters are not from Bali. Most people were satisfied with the handling of the litters in the beach (92%) and this is also related with the government and the private roles account 61% and 58% respectively in handling the litters in the beach.
Distribution of floating litters (organic and inorganic litters) for each station (see
Many people (62%) saw that the tourist behave better for the cleanliness and this is contrary to the conditions that many locals are still not having full awareness on the importance of cleanliness (65%).
Analysis
In the past, the Balinese in Kuta used the stranded materials for many purposes due to the fact that at the time the marine litters are mostly organic debris such as timbers, bamboos, branches, and leaves (Yunanto et al., 2014 Observation of the river mouth (see Fig.3c for the map) Table 4 .
Survey results for the social aspects. Figure 9 .
in Kuta beach. This is also one of the main reasons that until now Balinese still believe that those litters/ debris are originated from Java Island (The most populous island in Indonesia) in the West of Bali. The hydrodynamic simulation showed that the current from the north (Bali Strait) towards the south experienced circulations at certain time and locations and then move along the shore towards the south (Kuta Area). During ebb, the northward currents were diverted back to the south because the existence of a circulation before the mouth of the Bali Strait. This condition led to the accumulation of energy (strong currents) towards the south and capable of carrying litter either originated from the Bali Strait or from other sources in Bali's coastlines. The existence of several circulations in the hydrodynamic simulation is in agreement with previous works (Yosafat, 2012) .
The propagation of litters mostly follows the characteristics of the currents. Litters entering the Bali Strait (Day 1), directly were carried by currents in Southward directions (with speed 0.5 -1.75 m/s) until reach the Peninsula of Sembulungan in East Java and Perancak waters in Bali on day 4 and day 5 (Fig 6) . Since the beginning, litters from other sources along the coastline of Bali were directly transported to the south following the direction of the longshore current with speed 0.25 m/s. From the Peninsula of Sembulungan (East Java), the propagated litters were transported away from the open ocean and more toward the coastal area of West and South Bali joining other litters originated from other sources along the coastline of Bali and continue moving towards Kuta Area. At day 10, litters from sources along the coastline of Bali reach Kuta area while the litters originated from the Strait of Bali (or litter from Java) arrive in Kuta area at Day 15 with speed less than 0.04 -0.2 m/s causing an accumulation of litters for both plastics and woods in Kuta area. With our assumption in the set up (1 kg/s of litters), the accumulated litters in Kuta beach reaches 10-20 tonnes of plastics and 20 -35 tonnes of woods after 15 days (6 -10 tonnes/day) or nearly similar to the reported daily collected litters (8-10 tonnes) by the local government (The office of waste and park management/Dinas Kebersihan dan Pertamanan).
The larger amount of woods seen during the survey may be caused by the fact that woods materials were easier stranded in the beach than plastic materials. Moreover, our observation to the sources along the coastline of Bali also shows larger amount of wood litters in the river mouth (3 locations out of 5) as shown in Table 4 . This also may indicate that large amount of wood litters may come from Bali's coastline instead of Java. According to the National Statistical Bureau (BPS, 2007) , the West coast of Bali is less densely populated (< 1000 people/km 2 ) compared to the heavily populated Java Island where plastics uses are far much larger. Therefore, there are possibility at certain time the stranded litters are dominated by woods as found in the past and in the current studies. According to our survey results for the seabed litters during west season, the amount of plastics collected from the 6 (six) transect lines in Kuta show 4 (four) time larger compared to the ones collected during transitional season. This findings confirmed stories from the local fishermen who used to fish in the area using nets. They informed us that fishing in the area were difficult due to large amount of plastics instead of fish in their nets. In the cross shore direction, we also observed that seabed litters near the shoreline was more than two times larger than litters collected further from the shoreline. As shown in Fig. 3a , transect lines K2-K42, K4-K3, and K6-K5 were located closer to the coastline (land) and transect line K16-K17, K8-K7, and K15-K14 are located further offshore. During west season (Feb 2016) , the transect lines near the coastline account the total collected litters 252 items and 3.3 kg while those from the transect lines further offshore were only 196 items and 1.52 kg. The dominance of inorganic materials found for the seabed litters in the current study is in agreement with similar studies in Brazil (Fernandino et al., 2015) and in the Mediterranean (Pasquini et al., 2016) During the transitional season (west season has been weaken) the item and the total amount of litters are equivalent for all transect lines but far much less. This could be related to the fact that most litters were already transported back to the open ocean. The fact that hardly litters found during the transitional season is related to the data of water quality parameters where all parameters were within the standard except for few points where turbidity is high due to mixing processes (Table 3) . During the survey of seabed, a large amount of litters was observed in the water column. This was anticipated by the collection of floating litters from the boat. The collected floating litters using the boat and fishing nets resulted in similar trend as the collected litters from the seabed, particularly for the distribution of litters in cross shore direction. As shown in Fig. 8 and Table 2 , the amount of litters were 2.5 kg in point 1 (near the shore), 0.5 kg and 0.2 kg further offshore. The dominance type of litters are also plastics in agreement by many authors worldwide (Di-Meglio & Campana 2017; Tutman et al., 2017; Basurko et al., 2015) . High concentration of litters along the coastline indicates the possibility of engineering solution for alternatives of marine litter mitigation. Since we know the area where the distribution is higher than other area, it will be easier to trap and collect litters at certain locations. However, this also has some risks, particularly how to let fish and other living things out of the trap while trapping the litters. Studies on mesh size, structural strength, duration and timing for trapping litters offshore are required for more efficient efforts of cleaning the oceans. For the case of Bali, the social costs should also be considered before implementing new technology of cleaning the litter offshore since the cleaning of the beach every West Monsoon Season involving many locals who earned benefits from the activities.
Above all, the best effort to clean up the beach from the litters is to prevent people from littering since early age. As shown in our short survey about the social aspect of the locals on littering, most of the people is still not aware on the importance of cleanliness (Fig.  9 ). Though they agree that the government and some privates had done something to clean up the beach from litters, littering still be considered as "normal" by many Indonesians/Balinese. In general, the culture of putting litter into trash bins still need to be developed in Indonesia and this will take some times. Everywhere in Indonesia, ones may find easily litters/trash not in a proper place. Therefore, for short measures, cleaning the beach, trapping litters offshore and providing infrastructure for waste processes may be a solution. However, for long term, stopping the source of all litters (human) by changing the littering culture of the people is far more important and will have a great impact for the cleaner ocean in the future. This can only be done from early childhood education.
CONCLUSION
Previous studies have shown data and models about the characteristics of marine litters in Kuta area. Current study has added more information and understanding on the processes, particularly for the seabed and floating litters in spatial domain where seabed and floating litters were concentrated near to the coastline and dominated by plastic materials. Marine litter hazards occurring during the west monsoon season was supported by the numerical model involving latest wind data. During transitional season 2015, however, marine litters were not significantly observed and the water quality parameters were still within the standard. The amount of litters during west monsoon season is four times larger than the litters during transitional season. In the meantime, the observation of river mouth along the coastline of West Bali and East Java showed that there are possibility of more wood materials (instead of plastics) transported to beach of Kuta as reported by previous studies.
The concentration of marine litters at certain locations (near the coastline for the case of Bali) made opportunity to build a litter trap system offshore to minimize the amount of litters stranded in the beach. However, more studies are required for the implementation of this technique especially the impact to the marine lives. Above all, the behaviour of the people for not littering (especially into rivers) is more important to prevent litters entering the marine environment. For more comprehensive mitigation in the future, the current research still need more detailed works such as: longer duration of measurement, the standardization of devices (e.g. the nets for floating litters), more sample locations, all seasons measurements, impact on marine lives and social economic impact.
